Rationale: There is increasing evidence that functional deficits in schizophrenia may be driven by a reduction in the signal-to-noise ratio (SNR) and consistent timing of neural signals. This study examined the extent to which exposure to the NMDA receptor antagonists ketamine and MK801, frequently used pharmacological models of schizophrenia, recreate deficits in electrophysiological markers of disturbed brain circuits that are thought to underlie the illness. Furthermore, this study characterizes the specificity of these differences across the frequency spectrum so as to help identify the nature of selective circuit abnormalities that mediate each oscillatory response as relevant to schizophrenia. Design: Mouse EEG was recorded during exposure to repeated auditory stimuli after injection of either vehicle or drug. The dose-response relationship for each electrophysiological measure was determined for ketamine and MK-801. Time-frequency analyses were performed to assess baseline, total, and evoked power and intertrial coherence (ITC) at low (5-10 Hz) and high (35-80 Hz)-frequencies. Results: High frequency evoked and total power was decreased by MK-801 and ketamine in a dosedependent fashion. High frequency baseline power was increased by MK-801 and ketamine in a dosedependent fashion. Similar to evoked power, high frequency inter-trial coherence was dose-dependently decreased by both drugs. Low frequency ITC was only decreased by ketamine. Conclusions: Both ketamine and MK-801 cause alterations in high-frequency baseline (noise), total (signal), and evoked (signal) power resulting in a loss of high frequency SNR that is thought to primarily reflect local circuit activity. These changes indicate an inappropriate increase in baseline activity, which can also be interpreted as non-task related activity. Ketamine induced a loss of intertrial coherence at low frequencies, indicating a loss of consistency in low-frequency circuit mechanisms. As a proportion of baseline power, both drugs had a relative shift from low to high frequencies, reflecting a change in the balance of brain activity from coordination of global regions to a pattern of discoordinated, autonomous local activity. These changes are consistent with a pattern of fragmented regional brain activity seen in schizophrenia.
Introduction
Schizophrenia is a disabling psychiatric illness that affects about 1% of the population. Currently, there are no effective treatments for the negative and cognitive symptoms associated with this disease. Developing novel therapeutics for treatment resistant symptoms requires appropriate neural biomarkers associated with these deficits and valid animal models that reflect underlying disease pathophysiology. This study examined two pharmacologically-induced models of schizophrenia based on the glutamate hypothesis of disease pathogenesis, which is based on the observation that NMDA-receptor antagonists, such as ketamine, PCP, and MK801, have been shown clinically to induce psychosis and cognitive deficits indistinguishable from that seen in schizophrenia (Javitt and Zukin, 1991) . Additionally, administration of NMDA-receptor antagonists to model organisms has been demonstrated to recreate many of the cognitive, sensory, motor, and electrophysiological deficits seen in schizophrenia (Jackson et al., 2004; Javitt et al., 2000; Shiigi and Casey, 1999; Swerdlow et al., 2006) . However, many of these preclinical studies have used ketamine to induce schizophrenia-like phenotypes, despite the fact that ketamine has many effects in addition to NMDA-receptor antagonism, such as activation of HCN1 channels, which make the causal interpretation of its effects more difficult (Chen et al., 2009 ). As such, this study investigated the effects of ketamine in addition to MK-801, a selective NMDA-receptor antagonist, to compare the effects of these two drugs. Finally, to our knowledge, no studies have investigate the effects of either drug on auditory-evoked gammafrequency signal-to-noise, despite emerging evidence that this is an 
